Servi ceability was found to be influenced by l ongi tudinal and trans verse profiles as well as the extent of cra cking and pa tchi ng. The amount of weight to assign to each element in the determina tion of the overall servi ceability is a ma tter of subjecti ve opinion. Interna tional roughness index of highwa y pa vements has been esti mated by leas t squa res and fuzzy logic methods a nd compa red. For these models, Route 93, Ari zona experi mental da ta ha ve been used. Annual freeze -thaw occurring da ys , depending on yea rs, ha ve been used for modelling. The developed model wi th least squa res method has a hi gh regression value. This approa ch can be easil y and realisticall y performed to sol ve problems tha t do not ha ve a formula tion or function for the soluti on.
Introduction
Highways are one of most important structures for the development of a civilization. Bitumen is widely used as a binder in the construction of highways. Because bitumen is an expensive material, the construction of highways is costly. Therefore, it would be a wise step for road professionals to provide long-term service life of the highway. As long as the service life increases, the cost-benefit ratio also increases. More sustainable highways are produced in this way.
According to recent research, highways designed for 20 years' service life are only available for 11 years without any maintenance and rehabilitation (M&R) (Shahin, 2002) . It is an optimisation problem to apportion the highway budget between M&R and new construction. To solve this problem, it is important to create an optimum pavement management system (PMS). PMS can be explained as creating M&R programmes to obtain the maximum benefit with a limited budget. Most suitable PMSs can be created according to the physical measurements and the structural road characteristics. Although instant measurements are the best way to get the correct results of the highway, the situation of the highway in the future is of great importance to create a suitable PMS.
There is a linear relationship between pavement performance and driving quality. In fact the relationship is accepted as one and is called service ability. The service ability of the pavement varies, depending on the traffic and climate (Haas, 2001 ). According to the AASHTO Road Test, 95% of the service ability could be obtained with the longitudinally roughness measurements (Carey & Iric, 1960) .
Measured longitudinally roughness data demonstrate driving comfort. So, the World Bank developed the international roughness index (IRI) in 1982 (Sayers, 1986) . IRI is a general index about the pavement condition, which is obtained with an 80 kph driving car measuring the longitudinally profile of the highway. The range of IRI is between 0 and 2.13, where 2.13 means not passable highway (Herguner, 2009 ). IRI could be used directly to determine the M&R programmes.
In this paper, IRI values are tried for modelling. Sarioglu (2013) model IRI for California depending on the annual freeze-thaw occurring days and years with 80% correlation. For the modelling process, annual freeze-thaw occurring day's data from long-term pavement performance (LTPP) programme are used (Federal Highway Administration, 2013) . Least squares method and fuzzy logic is used for modelling IRI.
Estimation of IRI

Trend Analysis
Estimations are generally based on mathematical and statistical methods. One of the estimation methods is trend analysis. Trend analysis can be explained to express the dataset collected for a long time period in a linear or non-linear way (Yalcinoz, Herdem & Eminoglu, 2002) . The accuracy of the results of trend analysis should be checked before use. The usability could be determined with a regression analysis.
The least squares method used in this paper is a standard approach in regression analysis. The mean of this method is minimising the sum of the squares of the errors, which are the difference between the collected and calculated data (Eq. (1))
where n is the number of data, i x is the collected result for ith data, i x is the calculated result for ith data and e is the sum of the errors. As long as e goes to 0, the correlation goes to 1. 159
Fuzzy Logic
In recent years, the fuzzy set theory has found a large number of applications and it has become one of the methods for dealing with complexity, uncertainty and imprecision in various systems. The fuzzy set theory has found its place between other theories, such as probability theory, but also neural networks and interpolate systems (Hoogendoorn, Hoogendoorn-Lanser & Schuurman, 1999) .
Fuzzy sets arise from an extension of the classical sets for representing concepts that exhibit a gradual transition from membership to non-membership. Mathematically, a set is a collection of elements that share a common property. Whether an element has a particular property, however, cannot always be determined in an exact way. There are a large number of concepts in which an element can have partial membership to a set.
The heart of a typical fuzzy system is formed by a knowledge base in which the approximate working of the fuzzy system is described as a collection of fuzzy if-then rules. An inference mechanism compares the inputs of the system against the knowledge stored in the knowledge base and determines the system's output using the given inputs and the available knowledge in the knowledge base. Usually, the input signals are crisp, i.e., the inputs to the system are specified in a precise manner. In many cases, the outputs are also crisp as a precise action is required from the fuzzy system.
The objective of such an estimation system is to achieve a more efficient use of the PMS and to reduce the testing time conducted for obtaining IRI.
The main motivation for using fuzzy logic for this specific problem is the complexity of the modelling task: a large number of parameters can be identified, while their influence is not precisely known. However, experts are available having some (vague) ideas concerning the dynamics of the system. Fuzzy logic is ideally suited for model development when the exact dynamics of the system are only partly known and understood, but some vague ideas and expert knowledge are available. To design a fuzzy system, the following general steps have been taken:  Definition of system boundaries (expected IRI)  Definition of relevant variables, both input and output (see Figure 17)  Fuzzification of the variables  Definition of relations between the defined variables (the rule bases, see Figure 18 )  Defuzzification of variables  Calibration of the model  Evaluation of the model
Results and Discussion
In this paper, for estimating IRI values a trend analysis has been made. A general form of an equation is determined in order to analyse the trend between years and annual freeze -thaw occurring days (Eq. (2)) 160 2   1  12  2   22  1  1  2  2  1  2  12  22  2  1  1  2  2  1   2  2  2  2  3  4  2 1 1 ( , ) As shown in Figure 1 , the calculated IRI values in Eq. (3) are close to the IRI values obtained from the LTPP programme. The correlation between them is obtained as 87%, which is a high correlation value and could be used for estimating the IRI values for a future time.
On the other hand, the IRI values from LTPP are tried to model with a fuzzy logic. A model was built with two input parameters as years and annual freeze-thaw occurred days versus one output as IRI value. The structure, the surface and the rules of the model are seen in Figure 2 . The devel oped IRI forecasting system was tested with data of LTTP in Arizona. After tuning the system's parameters using expert knowledge, a very good estimation performance was achieved (99% prediction quality). Figure 3 presents the prediction quality. As seen in Figure 3 , the correlation is close to one, so the prediction is almost the same as the real value. According to the correlation seen in Figure 3 , fuzzy logic could be used for estimating the IRI values. However, the model obtained from fuzzy logic can only estimate the values between the limit values used for training. So IRI prediction for a future time is not possible with the model. Therefore, a high correlation has almost no meaning for this study.
Conclusion
In this paper, data from Route 93, Arizona obtained from LTPP programme was tried for modelling. Least squares method and fuzzy logic were used for modelling the data. As a result, the following conclusions can be drawn: 162  IRI can be modelled, depending on the annual freeze-thaw occurring days and years  Least squares method can be used for modelling IRI  Obtained model with least squares method has a high regression value, which shows the usability for this model  The model obtained from fuzzy logic has a higher regression value than that obtained from the least squares method. However, the model obtained from fuzzy logic can only estimate the values between the limit values used for training. Therefore, usability of the model for estimating the IRI for future time is not possible
